Aims: Produce combustible gas from sawdust for domestic house use. Study Design: A fluidized bed gasifier suitable for sawdust gasification was used.
INTRODUCTION
Low energy fuels include wood and coal, while biomass wastes exists as: sawdust, wood chips, forest and forest products, and municipal waste. Some of these wastes such as sawdust abounds in vast quantities around the country and can be converted into energy. The world's current energy needs and its dependence on nonrenewable sources presents an unsecure and unsustainable system of demand and supply. This results in unpredictable and volatile energy costs with far reaching effects. This was proven by the recent fluctuations in crude oil price between year 2014 and early 2015. Renewable sources of energy such as biomass can be "strategically useful" in alleviating similar problems [1] .
Gasification represents one of the biomass energy conversion routes. According to the National Non-Food Crops Centre (NNFCC), gasification is a chemical process whereby solid material containing carbon such as coal or biomass is decomposed into gases through the use of heat [2] .
Biomass gasification carries so much potential that it has been estimated to provide nearly a quarter of the total energy for the European Union in the next few years [3] . This is significant because it implies that at least the same is possible in countries and regions with the large quantity of the agricultural and agro-process wastes available in this part of the world. All these sources of biomass can be readily converted to energy products using relatively simple gasification systems.
Gasification is more efficient than direct combustion because the produced synthesis gas can be burnt at higher temperatures, converted in several synthesis fuels for vehicle and used to produce methanol and hydrogen [4] . The sources of the world energy supply are majorly from the non-renewables, and the present rates of their exploitation make them unsustainable. It is therefore imperative that we find more efficient energy pathways for extracting energy from various available sources. The rate of depletion of current fuel sources has increased with increasing global population with over 35% being used in homes alone ( Fig. 1) .
In developing countries such as Nigeria, 40 to 60% of energy is used in industry for heating and powering mechanical drives [3] . Similarly, industries in the third world countries can be classified into three main groups:
i. Household or cottage industries, ii. Small workshops and factories, iii. Large scale industries.
Household and cottage industries account for 50-75% of employment. Small and medium sized enterprises have recently been receiving attention globally especially in developing countries with the potential for the growth and development of the economy. This has resulted in significantly more small and medium sized enterprises leading to a consequential increase in their power and energy needs. It is therefore imperative to provide more alternative forms of energy for cottage and household industry use.
Another challenge that the rising global populations result to is in the generation of more wastes. These wastes are in different forms and of materials that will impact the environment negatively.
Nigeria alone produces 0.66kg/capital/day of municipal waste [5] , and has over 1.8 metric tons of sawdust that is usually set ablaze as a means of disposing it [6] . It is estimated that Nigeria produces over 3.89 million cubic meters of sawdust per year [7] . Sawdust easily becomes an environmental hazard because it is a source of leachates affecting aquatic habitats, surface and ground water. Leachates is formed when land waste such as sawdust decay and rain fall which rinse the chemical form to ground water causing pollution [8] . It is relevant to note that the problem of waste can be capitalized upon to provide a solution to the rising energy needs. This is a valuable source of biomass that this project seeks to explore being cheap, available, free, renewable, sustainable and abundant in the tropical region of Nigeria.
MATERIALS AND METHOD

Sawdust Pellet Preparation
The challenge with sawdust gasification is its high opposition to inter-particulate air flow. This is overcome by pelletizing the sawdust. Pelletizing the biomass is the form of densification employed. This involves the application of a binder, compression and then extrusion through a die to a size of 14mm diameter and an average length of 75mm. This is followed by drying the densified biomass. Sawdust was collected at a local sawmill, and sieved to remove large particles. Minimum pellet sizes of 6mm are the standard with a maximum size of 14mm. It is also u that a uniformly sized feed stock are more successful in gasification processes [10] pelletizer is loaded with sawdust prepared by mixing six parts of sawdust with one part of starch (parts by volume). It was realized that when little or no binder is used, it resulted in temperatures in the range of 70 ± 5 measure using an infra-red temperature gun. This is indicative of very high resistive forces are produced in the pelletizer. This suggests that the binder also serves as a lubricant for the biomass during pelletization. Furthermore, the produced pellets are quick to get bone dry within 8 hrs of being sun dried only. This is a shorter duration than that of briquettes which takes ab diameter and an average length of 75mm. This is followed by drying the densified biomass. Sawdust was collected at a local sawmill, and sieved to remove large particles. Minimum pellet sizes of 6mm are the standard with a maximum size of 14mm. It is also understood that a uniformly sized feed stock are more ocesses [10] . The pelletizer is loaded with sawdust prepared by mixing six parts of sawdust with one part of by volume). It was realized that binder is used, it resulted in temperatures in the range of 70 ± 5ºC as red temperature gun. This is indicative of very high resistive forces are produced in the pelletizer. This suggests that the for the biomass during pelletization. Furthermore, the produced pellets are quick to get bone dry within 8 hrs of being sun dried only. This is a shorter duration than that of briquettes which takes about 24 hrs and above [11] . This is because it has a sma diameter and is more compact. Additionally, the tapered die forces excess water out during the pelletizing process. The pelletizer has a throughput rate of 12.5 mm/sec and shown during production in Plate 1. Samples of the pellets are produced having a diameter of 14mm and average length of 75 mm (Plate 2).
Plate 1. Pellets in production
Analysis of Feedstock Composition
After pelletizing it is important to carry out tests on it for purposes of evaluating the performance of the gasifier. The following tests were carried out. For reasons of comparison, tests were also carried out on the raw sawdust. samples were identified and were given labels A and B (Sawdust and pellets respectively). Some of the equipment and apparatus employed are shown in Plates 1 and 2.
Plate 1. Pellets in production Plate 2. Produced pellets
; Article no.JERR.45500 (Source: U.S. Energy Information Administration, International Energy Outlook 2013) [9] . This is because it has a smaller diameter and is more compact. Additionally, the tapered die forces excess water out during the pelletizing process. The pelletizer has a throughput rate of 12.5 mm/sec and shown 1. Samples of the a diameter of 14mm and average length of 75 mm (Plate 2).
Analysis of Feedstock Composition
After pelletizing it is important to carry out tests on it for purposes of evaluating the performance of the gasifier. The following tests were carried For reasons of comparison, tests were also carried out on the raw sawdust. The two samples were identified and were given labels A and B (Sawdust and pellets respectively). Some of the equipment and apparatus employed are
Moisture content détermination (ASTM-E871)
The instruments used to carry out the analysis in order to determine the The pellets are ground in the mortar to a fine powder.
The determination of moisture content is carried out by adding 1.00g of the powdered sample to the crucible and the weight noted and recorded as w 2.
The Crucible containing the sample was heated in a muffle furnace at 103 ± 2°C for one hour and thereafter taken out, the sample was cooled in a desiccator and weighed again until the weight became constant (w 3 ). The loss in weight represents moisture content.
The percentage moisture content was then calculated, using the equation 1
Where: w 1 is the weight of the Crucible in grams. w 2 is the weight of the Crucible with the sample in grams.
w 3 is the weight of the Crucible with the sample after being cooled in the desiccator in grams. % MC is the percentage moisture content.
Volatile matter determination (ASTM-E872)
The instruments used to carry out the analysis in order to determine the Volatile Matter of the samples are: Crucible, Spatula, Beam balance, Muffle Furnace, Desiccator and stop watch. To determine the Volatile Matter, the samples were identified and were given sample labels. The weight of the crucible was determined with the aid of a digital beam balance, noted and recorded as w 4. 1.00g (weight) of the sample was added to the crucible and the weight noted and recorded as w 5.
The crucible containing the sample is covered and was heated in a muffle furnace at 950°C for 7 minutes and was thereafter taken out, cooled in a desiccator and weighed as w 6 . The percentage volatile matter was than calculated, using the relation in equation 2
Where: w 4 is the weight of the crucible in grams. w 5 is the weight of the crucible with sample in grams. w 6 is the weight of the crucible with sample after being heated in the muffle furnace at the temperature of 950°C and cooled in the desiccator.
Plate 3. Muffle furnace
Plate 4. Desiccator
Ash content determination (ASTM-D1102)
The instruments used to carry out the analysis in order to determine the Ash Content of the samples include: Crucible, Spatula, Digital Beam balance, Muffle Furnace, Desiccator and stop watch.
To determine the Ash Content, the samples were identified and labeled. The weight of the crucible was determined with the aid of beam balance, noted and recorded as w 4. 1.00g (weight) of the sample whose Ash Content was to be determined was added to the crucible and weighed, noted and recorded as w 7. The crucible containing the sample was left open and was burnt (in the presence of air) in a muffle furnace at 750°C till a constant weight was obtained. It was thereafter taken out, cooled in a desiccator and weighed with the aid of beam balance and the weight was recorded as w 8 .
The percentage Ash Content was then calculated, using the relation in equation 3.
Where: w 4 is the weight of the crucible in grams. w 7 is the weight of the crucible with sample in grams. w 8 is the weight of the crucible with sample after being burnt in the muffle furnace at the temperature of 950°C and placed in the desiccator.
Fixed carbon determination
The percentage of Fixed Carbon is determined by subtracting the percentage moisture content, volatile matter and ash from 100.the relation is shown in equation 4.
% Fixed Carbon = 100% ̶ (%moisture content + %Volatile matter + %Ash) (4)
Nitrogen content (ASTM-E778)
The Nitrogen content contained in the samples was determined by using Kjeldahal's Method.
The crucible was weighed in a digital beam balance and its weight tarred to zero. The volume of acid used = -Where, = Volume of sulphuric acid neutralized in blank = Volume of sulphuric acid neutralized in determination
Energy content determination
The equipment and materials used to determine the Energy Content of the samples include: Bomb Calorimeter (CAL e2K see Plate 6) which consists of Filling station (CAL K-3) and Vessel/Bomb (CAL 2K-4), crucible, full oxygen cylinder, desiccator, silica gel, beam balance, soft cloth, Spatula, PC keyboard, cotton thread, firing wire, crucible holder, lid assembly and Benzoic acid standard. The crucible used was washed with clean water and dried in a desiccator containing silica gel as the drying agent. The crucible was weighed in a digital beam balance and the weight was tarred to zero.
The sample was well mixed and 0.50g of it was weighed into the dry crucible with the aid of beam balance, the sample identification and mass was entered via the keyboard at the onset.
The pre-cut length of firing cotton was inserted by looping it over the firing wire and the weighed crucible and sample was inserted into the crucible holder, it was ensured that the firing cotton touched the sample.
The lid assembly was inserted into the vessel body and the cap of the vessel was screwed 
RESULTS AND DISCUSSION
Feedstock Assessment
The fuel to be utilized is sawdust. Table 1 presents the results of proximate and ultimate analysis of the sawdust and pellets which lies in the range of that obtained by Li et al. (2013) .
Comparing the laboratory results of the dried sawdust and the pelletized form yields the result shown in Table 1 .
Gas Collection and Analysis
The pelletized saw dust was fired in a gasification reactor to produce combustible gas. The synthesis gas was collected for analysis. Gas canisters were used to collect three samples of the produced gas at reactor temperatures of 600ºC, 650ºC and 700ºC (Plate 8). They were first vacuumed and sealed. Subsequently, the canisters were placed in an ice bath to drop temperatures and ease the flow of gas into them. The Gas Chromatograph used is shown in Plate 9 and the system conditions are depicted in Table 2 . The carrier gas employed is helium and a thermal conductivity detector (TCD), also known as a Katharometer is used. Chromatograms plotting the percentage abundance of the gas against the gas components are shown in Figs. 2 to 4, and this was followed with the normalized percentage report in Tables 2 to 5 . 
Fig. 3. Constituent gas percentage abundance at 650ºC
The system is calibrated to show the abundance of methane between 11 and 12 minutes, and carbon monoxide at the 12.5 to 13 minute interval. These are the expected gases as shown in the work of [12] . They are a product of the char gasification process and a result of the Boudouard Reaction and Hydrogen gasification reaction. Looking at this chart it is easy to see that a high percentage of the gas is methane and this changes slightly over this temperature range suggesting that a larger temperature difference is required to make significant difference. [13] showed that this is expected from a usual gasification process but can be altered by the excess air/fuel ratio which was given by [14] as 0.3. The excess air/fuel ratio directly affects the reactions within the reactor and determines the percentage compositions of the syngas. Increase in the air flow rate would result in a complete combustion and consequently a rapid deterioration of the gasification due to complete oxidation of gaseous products.
CONCLUSION
The produced synthesis gas was also taken for lab analysis using a gas chromatography mass spectrometer system to determine its constituent gases. A major component was methane which is a valuable combustible gas produced from sawdust which exists in large amounts around the country. A thermal conductivity detector (TCD) was used for the analysis which has a broad range of gases that can be detected.
